Background Smoking, but not higher alcohol consumption, is associated with increased risk of esophageal adenocarcinoma (EAC) and progression from Barrett's esophagus (BE) to EAC. However, it is still unclear whether smoking or alcohol is implicated in the development of BE. Aim To evaluate the associations between smoking, alcohol and the risk of BE.
Introduction
Barrett's esophagus (BE) is an acquired condition in which specialized columnar epithelium replaces the usual Electronic supplementary material The online version of this article (doi:10.1007/s10620-013-2892-6) contains supplementary material, which is available to authorized users. stratified squamous epithelium lining the esophagus. BE is the only known precursor to esophageal adenocarcinoma (EAC) and is associated with an annual risk of progression to cancer of approximately 0.2 % [1] [2] [3] [4] . EAC is of great public health importance as its incidence has increased sixfold over the past four decades and rates continue to rise [5, 6] . Moreover, survival for patients with EAC remains poor, with median survival less than 12 months [7] . Understanding the causes of BE is a necessary step toward preventing EAC.
BE affects approximately 2 % of the Western population and is most prevalent in White men aged over 50 years [8] . Potentially modifiable risk factors for BE include gastroesophageal reflux disease (GERD) and abdominal obesity [9, 10] , while use of aspirin and non-steroidal antiinflammatory drugs (NSAIDs) may prevent the development of BE [11] . However, the associations between smoking, alcohol and risk of BE remain unclear. If the associations were shown to be causal, then smoking and alcohol would be key targets for early prevention of EAC.
Results from a pooled analysis of 12 studies in the Barrett's and Esophageal Adenocarcinoma Consortium (BEACON) show a consistent association between smoking and risk of EAC. Compared to never smokers, risk among ever smokers was twofold higher and risk increased linearly with increasing pack-years of smoking exposure [12] . However for BE, a pooled analysis of four BEACON studies reported a 67 % increased risk associated with ever smoking but no clear dose-response effect among ever smokers [13] . Importantly, the summary risk estimate from this pooled analysis was affected by significant betweenstudy heterogeneity. While two studies reported an increased risk for ever smokers [14, 15] , there was no association in two others [16, 17] . Making causal inferences more difficult, in one of the two studies that reported a significant association between ever smoking and BE, former smokers but not current smokers had significantly higher risk [14] . Furthermore, as studies examining the smoking-EAC association in BE patients [18] [19] [20] and the general population [12] have reported similar effect sizes, most of the effect of smoking may actually occur after the development of BE rather than in initiating the development of BE in the first place Higher alcohol consumption is not associated with increased risk of EAC [21] . Conversely, EAC data from BEACON show an apparent inverse association with beer and wine intake. BE studies have generally reported null findings for alcohol consumption; however results among studies reporting beverage-specific effects have been conflicting [22] [23] [24] [25] . While some have reported an inverse association with wine consumption [23] [24] [25] , others have found lower risk associated with beer [25] and some evidence for higher risk associated with liquor [22, 24] . These contrasting findings may be due to measurement error; one study captured lifetime alcohol exposure [25] , others used recent alcohol exposure which may be affected by disease status in case-control studies [23, 24] .
In light of the inconsistent findings to date, additional validation of the associations between smoking, alcohol and BE is necessary. We investigated the effects of multiple dimensions of smoking exposure and different patterns of alcohol consumption on the risk of BE. Using data from a study among US veterans, a high-risk population (mostly older White men) with high smoking rates and alcohol exposure, we aimed to estimate the effects of smoking and alcohol on BE among persons with high levels of exposure.
Methods
Details of the study population and methods have been described in full elsewhere [26] . Briefly, data came from a case-control study of BE conducted at the Michael E. DeBakey Veterans Affairs Medical Center (MEDVAMC) in Houston, Texas. The study was approved by the Institutional Review Boards for MEDVAMC and the Baylor College of Medicine.
Study Participants
Study participants were recruited between 15 February 2008 and 14 December 2012 from among consecutive eligible patients undergoing an elective esophagogastroduodenoscopy (EGD) for any indication, and consecutive patients attending one of seven selected primary care clinics in the Houston VA. The primary care patients were eligible for a screening colonoscopy and agreed to undergo the study EGD during the same clinical visit as their colonoscopy. None of the primary care patients were primarily referred for EGD. The elective EGD and primary care groups combined represent all patients, who, if they had BE, would be diagnosed with BE at the Houston VA (i.e., the source population for BE). The eligibility criteria were: (1) age 50-80 years (40-80 years for the elective EGD group); (2) no previous gastroesophageal surgery; (3) no previous gastroesophageal cancer; (4) no active lung, liver, colon, breast or stomach cancer; (5) no anticoagulants; (6) no significant liver disease indicated by platelet count below 70,000 ascites or known gastroesophageal varices; and (7) no history of major stroke or mental condition.
All study participants underwent a study EGD with systematic recording of suspected BE based on the Prague circumferential and maximum length classification [27] and targeted biopsies from these areas using Jumbo biopsy Dig Dis Sci (2014) 59:108-116 109
forceps. BE was defined as the presence of specialized small intestinal epithelium in the histopathological examination of at least one biopsy obtained from endoscopically-suspected BE areas. Patients from the elective EGD group and the primary care group with no suspected or definitive BE served as endoscopy controls and colonoscopy controls, respectively. Among eligible patients in the EGD group, 70 % completed the study (underwent the study EGD and completed the study questionnaire). In the primary care group, 43 % of eligible patients completed the study; however 85 % of patients who underwent their colonoscopy completed the study.
Data Collection
Study participants completed a computer assisted survey before the study EGD. The survey ascertained information about social background, lifetime history and current use of alcohol and cigarette smoking, physical activity, medical history, onset, frequency and severity of heartburn or regurgitation symptoms, and use of H 2 -receptor antagonists, proton pump inhibitors (PPIs), non-steroidal antiinflammatory drugs (NSAIDs) or aspirin. Height and weight were measured prior to the study EGD and were used to calculate body mass index (BMI). A flexible tape measure was used to measure waist and hip circumference. We defined duration of GERD symptoms as the sum of the duration of at least weekly heartburn or regurgitation symptoms. Participants were defined as H. pylori positive if organisms were seen on histopathology of any of the study gastric biopsies. If biopsy results were not available, participants were defined as positive for H. pylori if review of the medical record showed a previous positive biopsy, presence of serum antibodies, or treatment received. We defined ever smokers as those who smoked more than 100 cigarettes, cigars or pipes during their lifetime. Ever smokers included ex-smokers who quit smoking at least 1 year prior to the study, and current smokers (including those who quit within the previous year). We calculated time since quitting as the difference between the age at which ex-smokers had stopped smoking and their age 1 year prior to the study. Smoking intensity was defined as the self-reported average number of cigarettes smoked per day and smoking duration was estimated by subtracting starting age from quitting age for ex-smokers and age at study EGD for current smokers. Finally, we derived the number of pack-years of cigarette exposure by dividing the number of cigarettes smoked daily by 20 and multiplying by smoking duration.
For alcohol, we asked participants whether they currently drank alcohol, were life-long non-drinkers, or had previously drunk alcohol but stopped. Ever drinkers were then asked if they had consumed alcohol at least monthly for 6 months or more, and if so, to report frequency of consumption for four classes of alcohol (beer, white wine, red wine and liquor/spirits) at ages 20-29, 30-49 and C50 years, as applicable. We calculated average lifetime total alcohol consumption (in standard drinks per week) by dividing total alcohol consumption (standard drinks; summed across all age groups for each class of alcohol) by duration of drinking since age 20 years (in weeks). Similar algorithms were used to calculate average lifetime beverage-specific consumptions.
Statistical Analysis
We used never smokers as the reference group for analysis of each cigarette smoking measure. For alcohol, the reference group included those participants who were lifelong non-drinkers. Our study (453 colonoscopy controls and 258 BE cases) had 80 % power to detect an odds ratio (OR) of C1.65 for current smoking and current drinking, assuming 35 and 50 % prevalence in the control group, respectively, and at a = 0.05. We compared the characteristics of BE cases and controls using Chi square tests for categorical variables and Student's t test for continuous variables. ORs and corresponding 95 % confidence intervals (95 % CI) were estimated to assess the associations between cigarette smoking, alcohol consumption and risk of BE using unconditional logistic regression. The multivariable models were adjusted for potential confounders including age, sex, race, duration of GERD symptoms, waist-to-hip ratio (WHR), H. pylori infection status, PPI use and NSAID use. We performed tests for trend by assigning the median value to each category of the main exposure and modeling this value as a continuous variable in the regression model. We performed subgroup analyses to examine whether the associations with smoking and alcohol varied across strata of age (\60, C60), WHR (low, high; where high WHR cutoff was considered C0.9 for males and C0.85 for females), duration of GERD symptoms (never, \30 years, C30 years), H. pylori status (negative, positive) and presence of hiatal hernia (absent, present). Tests for interaction were performed by the Wald test, using interaction terms in the model. Statistical significance was determined at a = 0.05 and all tests for statistical significance were two-sided. All analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC).
Results
This study included data from 258 patients with BE, 453 colonoscopy controls and 1,145 endoscopy controls. The distributions of study participant characteristics are shown in Table 1 . Ninety-two percent of participants were male; however, BE cases were still significantly more likely to be male than endoscopy controls (97.7 vs. 88.7 %). As expected, the proportion of Whites in the BE group was significantly higher than that in the colonoscopy (88.0 vs. 54.7 %) and endoscopy (63.2 %) control groups. Compared to controls, BE cases were more likely to report GERD symptoms and PPI use, and less likely to be infected with H. pylori. We found no significant differences in NSAID use or BMI among the three groups, however BE cases had significantly higher average WHR than controls. Table 2 shows the associations between smoking and BE. Prevalence of ever smoking was highest in BE cases (77 %) followed by colonoscopy controls (75 %) and endoscopy controls (72 %). BE cases had a higher proportion of current smokers (34 %) than colonoscopy controls (30 %), but not endoscopy controls (34 %); however, the differences in these proportions were not statistically significant. In multivariable regression analysis, we found no significant association between smoking status and BE for comparisons with colonoscopy controls or endoscopy controls. Furthermore, while smokers in the BE case group smoked for longer durations and at higher intensity than smokers in the control groups, there were also no significant associations between pack-years of smoking exposure, smoking intensity, or smoking duration and the risk of BE (Table 2) . Likewise, we found no statistically significant associations between age at smoking initiation or smoking cessation and BE.
When we restricted our analyses to only White males (222 BE cases, 243 colonoscopy controls and 655 endoscopy controls), we again found no significant association Table 3 shows the associations between alcohol consumption and risk of BE. Colonoscopy controls were more likely to be current drinkers (57 %) than endoscopy controls (50 %) and BE cases (54 %). Overall, 91 % of study participants were ex-drinkers or current drinkers and among those 76, 19 and 54 % reported drinking beer, wine and liquor, respectively. We found no statistically significant association between alcohol drinking status and BE. After adjusting for confounding, average consumption of 14 to \28 drinks per week of total alcohol was associated with lower risk of BE (BE vs. colonoscopy controls, OR 0.39, 95 % CI 0.15-1.00). When we analyzed beveragespecific alcohol consumption, the apparent lower risk among those consuming 14 to \28 drinks/week compared to life-long non-drinkers was observed only for beer intake (BE vs. colonoscopy controls, OR 0.50, 95 % CI 0.19-1.35), but was not statistically significant. There was Tables 1 and  2) .
Discussion
In this case-control study, we found no evidence that smoking or higher alcohol consumption increased the risk of BE. In contrast, the risk of BE among alcohol drinkers tended to be lower (albeit not statistically significant) than that among life-long non-drinkers. When we examined beverage-specific intake, the apparent inverse association was limited to beer. The null findings were consistent across different strata of known or suspected risk factors for BE.
Cancer studies have provided strong evidence that smoking has a modest adverse effect on the risk of EAC. In a pooled analysis of 12 studies in the BEACON consortium, compared with never smokers, the risk of developing EAC for persons with a heavy smoking history was almost threefold higher (C45 pack-years of smoking exposure, OR 2.71, 95 % CI 2.16-3.40) [12] . However, whether smoking acts early in the metaplasia-dysplasia-carcinoma sequence in the esophagus by initiating the development of BE or later by promoting the development of EAC in patients with BE cannot be determined from these cancer studies. Four recent well-conducted case-control studies have previously examined the association between smoking and risk of developing BE, with conflicting results. In their Australian study, Smith et al. [14] found a statistically significant association between smoking status and BE. Compared to never smokers, former and current smokers had twofold higher risk of BE, but risk did not increase with pack-years of exposure (p-trend = 0.32) [14] . With results similar to the current study, there was no association between smoking and BE in the all-Ireland FINBAR study [16] . While the FINBAR study showed a strong association between smoking and EAC (*fivefold higher risk for current smokers), even being a heavy smoker did not infer greater risk of BE ([40 pack-years compared to never smokers, OR 1.28, 95 % CI 0.76-2.17). Likewise, a casecontrol study conducted in Northern California also found no overall association between smoking and BE (current smokers, OR 1.09, 95 % CI 0.68-1.74) [17] . Finally, in a study conducted in western Washington State, Edelstein et al. [15] found higher risk among ever smokers (OR 2.1, 95 % CI 1.4-3.1). However, similar to the current study, there was no increased risk of BE among current smokers (OR 1.4, 95 % CI 0.8-2.5). A pooled analysis of these four studies found a statistically significant increased risk of BE among persons with 45 or more pack-years of smoking (OR 1.92, 95 % CI 1.05-3.51), but significant high levels of between-study heterogeneity were present (I 2 = 70 %) [13] .
If smoking is associated with BE, what might explain the conflicting results among these studies? It is considered easier to find a significant association, if one exists, among a lower risk population with low population-level exposure to the risk factor. In the current study as well as the FIN-BAR and Northern Californian studies [16, 17] , the rates of ever smoking and heavy smoking ([30 pack-years) were far higher than the corresponding rates in the two studies that found a significant association between smoking and BE [14, 15] . It is possible then that this may explain the lack of association in our study. However, arguing against this explanation, while the FINBAR study found no association with BE, they found a very strong and statistically significant association between smoking and EAC [16] . A plausible explanation relates to the selection of controls in the studies. Some BE studies, including ours, are based on direct evaluation of the esophagus by endoscopy in controls. In contrast, others used population-derived controls that have not generally undergone endoscopy. It is possible that controls in studies like ours are more likely to have risk factors (e.g., smoking) for gastrointestinal disease or symptoms than controls in studies where endoscopy was not used to define controls. While this may attenuate the association between smoking and BE in endoscopy-based studies, it does not explain the lack of association reported in some population-based studies.
Notably, a developing body of evidence indicates that smoking may instead promote the progression of BE to EAC. In three studies to date, smoking has been associated with approximately twofold higher risk of EAC in patients with BE [18] [19] [20] . The validity of this relationship is supported by evidence for a dose-response relationship. In their large cohort study, Hardikar et al. [18] found that EAC risk increased linearly with increasing pack-years of smoking among BE patients who smoked (p-trend = 0.02). The exact mechanisms are unknown however. As smoking is known to cause DNA damage on Barrett's mucosa, it is posited that the resulting DNA damage may promote cell division and proliferation of malignant columnar epithelial cells and lead to cancer progression [28] . Smoking may preferentially increase the likelihood of developing ''highrisk'' BE, such as long segment BE, which is more likely to progress to EAC. Therefore, the risk of BE in smokers would be less elevated than the observed risk for cancer. However, we compared the effects of smoking on the likelihood of developing long versus short segment BE and found no differences.
This study adds to evidence from previous investigations that show no association between higher alcohol intake and increased risk of developing EAC and BE [21] [22] [23] [24] [25] , and no association with risk of progressing from BE to EAC [18] . In contrast, with results similar to the current study, moderate to high intake of beer has been associated with lower risk of EAC (C5 drinks/day, OR 0.63, 95 % CI 0.40-0.99) and BE (C3 drinks/day, OR 0.49, 95 % CI 0.25-0.96) in previous studies [21, 25] . While alcohol is therefore not a key factor in the prevention of EAC, alcohol is associated with increased risks of esophageal squamous cell carcinoma and other cancers [29, 30] and the importance of this inverse association is limited.
The strengths of this study include the large sample size, well-defined groups of cases and controls, the collection of information on a wide range of potential confounders and the systematic collection of detailed smoking and alcohol data. We used comprehensive measures of lifetime exposure to smoking and alcohol to ensure that changes in use were captured and integrated into measures of overall exposure. The lack of associations with smoking and alcohol are unlikely to be explained by differential reporting as we ascertained questionnaire data prior to the study EGD (before case and control status was defined) to minimize the possibility of biased recall. Finally, we used standardized endoscopic and histologic criteria throughout the study ascertainment period and included only BE patients with histopathologically diagnosed BE to avoid misclassification.
This study has a few limitations. The overall response rate among the primary care group was 43 % and this may have biased our results. However, participants who consent are generally healthier than the general population and, if one existed, this would strengthen an association. A limitation of this study is that we had small numbers of wine drinkers and we were unable to examine the effects of high wine intake. Likewise, BE case numbers were small in some strata of the stratified analyses. Lastly, as most participants in the VA study were White men and the characteristics of VA and non-VA populations may differ, our findings may not be generalizable to women or non-White men from the general non-VA population.
In summary, we found no evidence that smoking or higher alcohol consumption were associated with increased risk of developing BE. Smoking increases the risk of developing EAC, albeit through promoting progression of BE to EAC rather than initiating BE in the first place.
